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5G radio access networks
Emerging mobile services and IoT demand precise timing  
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Service innovation in mobile requires better timing
As mobile network operators plan for LTE-A Pro and 5G rollout, they need to focus on improving spectral 
efficiency, new software-driven network control and network virtualization. Those technologies promise a 
wide range of new business opportunities, justifying the significant investment that has gone into them. Most 
of those high-value applications and new radio access technologies will, however, require a level of precise 
synchronization beyond that which is applied today. Rolling out 5G without improving the synchronization 
network will fail to meet business expectations.  
We have come a long way from voice-only mobile networks 
for a small number of privileged users to ubiquitously 
available mass-market mobile broadband services. While 
mobility has so far addressed people’s communication 
needs, the focus is now moving to connecting billions 
of devices, including sensors, actors and more complex 
devices. And tomorrow’s mobile networks will not just 
provide broadband connectivity. They will offer intelligent, 
customized functions and services to their users, 
supported by moving data processing to servers deployed 
inside of the mobile network. Mobile network offerings 
are becoming application-specific solutions targeting 
transportation, agriculture, building infrastructure 
management and national safety, among many other 
sectors.

The steps from LTE to LTE-A Pro and finally to 5G are 
not simple as they require mobile network operators 
to master various new technologies. Network functions 
virtualization (NFV) enables monolithic single-vendor 
networks to be broken up into open, server-based service 
production platforms. This technology forms the basis 
for network slicing and enables hosting of IT software 
appliances, opening up a variety of new revenue streams. 
Software-defined networking (SDN) adds flexibility and 
speed to easily respond to changing demand and user 
needs.

This technical innovation has been the subject of in-depth 
discussion in the mobile industry. The relevance and 
implications for the underlying connectivity network is 
understood. However, one critical requirement is frequently 
overlooked. Highly efficient radio access technologies, 
latency-critical applications, and distributed computing 
as applied in 5G need highly precise synchronization. The 
required accuracy goes way beyond what is presently 
applied in voice- and data-centric networks

Highly precise synchronization  

is essential for 5G 

Bandwidth, d
ata centric

,

programmable, # of d
evices

2G – voice 
optimized

3G – data 
optimized

4G/LTE – voice 
becomes data

LTE-advanced – spectral
e�iciency

5G – devices and
enterprise solutions



Synchronizing LTE-advanced and  5G radio access networks

3

Better synchronization is the basis for mobile network innovation
Synchronization is a key requirement in mobile radio access networks. Any base station in 2G, 3G and LTE 
networks requires precise frequency information to efficiently use the radio spectrum and for handing 
over services between base stations. Frequency synchronization is provided inherently with the transport 
network. Historically, Sonet/SDH technology has been applied and today Synchronous Ethernet (SyncE) 
is the method of choice. While frequency synchronization has served well over the last decade, it does not 
meet phase and time of day synchronization requirements.
If a mobile network operator intends to offer mobile 
services in time division duplex mode or mobile broadcast 
services, there is a need for phase synchronization of 
base stations even today. With the introduction of LTE-
Advanced, the radio spectrum can be utilized in an even 
more efficient way. Radio signals from several antennas 
(MIMO) and even from different base stations (CoMP, 
eICIC) are concurrently received and processed at a 
user equipment. Precise phase synchronization is key to 
combining those signals in an efficient way.

Network slicing allows LTE-A and 5G networks to be 
partitioned into virtual, application-specific networks. 
Combined with edge hosting of IT functions, customized 
virtual mobile networks efficiently address the specific 
needs of IoT, smart grid and smart city applications 
among others. In general, tight synchronization of these 
distributed control processes is required, resulting in a 
need for sub-µs timing accuracy at base stations.

With LTE-A Pro and 5G, even more advanced radio access 
technologies are needed to achieve higher capacity, 
lower latency and better utilization of the radio spectrum. 
Carrier aggregation within a frequency band and intra-
band carrier aggregation combine radio spectrum for 
high-bandwidth services. However, higher efficiency has 

to be paid for with tighter timing accuracy. While LTE-
eICIC requires several µs, inter-site carrier aggregation 
and coordinated multi-point transmission in 5G pushes 
the limits of time accuracy below a value of 1µs, towards 
several hundred ns.

The same level of accuracy is required for positioning 
services. Inaccurate time information at a base station 
results in an inaccurate delay measurement and inaccurate 
positioning. To achieve 30m to 40m positioning accuracy 
requires the neighboring base stations to have clocks 
synchronized to less than 100ns. A tighter synchronization 
allows for more precise localization. Industry experts are 
aiming for an accuracy of 3m to localize devices.
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Best practices for radio access network synchronization
For mobile network operators, the transition from LTE to LTE-A and 5G demands highly accurate 
synchronizing of base station clocks. Can currently applied synchronization solutions be extended in a 
seamless way and how can this be done?

A base station clock can be synchronized in different ways: 

 y Backhaul network provides timing information 

 y Satellite-based delivery of timing from global 
navigation satellite systems (GNSS)

 y Synchronization is provided from a colocated, highly 
precise clock

All of above listed options have pros and cons. While 
satellite-based timing is ubiquitously available, it’s 
highly vulnerable to malicious attacks (e.g., jamming). 
As it requires line of sight to several satellites, the GNSS 
antenna needs to be placed at an elevated position, which 
might not be possible for indoor installations.

Network-based timing is inherently available as it uses the 
same connectivity network as the user traffic. However, the 
network can only provide a high-quality synchronization 
signal at the edge of the network if network elements 
along the distribution path process synchronization 
signals and perform quality-improving measures such as 
compensating asymmetric and internal processing delays 
by transparent and boundary clock functionality.

A highly precise colocated clock can be a very effective 
way to compensate for the unavailability of network- and 
satellite-based timing, but it cannot replace those delivery 
mechanisms as even sophisticated atomic clocks need to 
be continuously synchronized to standard time. 

Going forward, it’s clear that no single technology will 
be able to meet all mobile network synchronization 
requirements. An intelligent combination of network-
based and satellite-based timing with highly accurate 
clocks for holdover will be required. 

Let us examine a practical example and look at a traditional 
mobile network using centrally installed PRC and SyncE 
for network-based delivery of frequency synchronization 
to base stations. 

As phase and time of day synchronization becomes 
mandatory, initially with relaxed accuracy requirements, 
a primary reference time clock (PRTC) is installed centrally 
and collocated grandmasters with high fan-out provide 
network-based timing to hundreds and thousands of base 
stations using IEEE 1588 PTP. 
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With increasing accuracy requirements, the central PRTC 
needs to be replaced by an enhanced PRTC (ePRTC) 
improving time accuracy from 100ns to 30ns and 
increasing resilience with 100ns holdover accuracy for 14 
days of GNSS unavailability. In addition, grandmasters 
with PRTC capability are distributed in the network. 
Initially applied at aggregation sites, those grandmasters 
combine network-based with satellite-based timing. 
They can be equipped with reference oscillators meeting 
different hold-over requirements. This “assisted partial 
timing support” adds synchronization awareness to parts 
of the transport network. It is specified with ITU standard 
G.8275.2

In order to meet the most demanding synchronization 
requirements, grandmasters are decentralized and 
pushed further out to the edge of the network, closer to 
the base stations, ultimately being colocated with the 
base station. This edge grandmaster efficiently combines 
network-based timing using IEEE 1588 PTP with satellite-
based timing and can even bridge periods of unavailability 
of both delivery technologies with a built-in high-quality 
reference oscillator.

Fronthaul in LTE and 5G

Traditionally, the base station and antenna have been 
installed in close proximity on a cell site. In locations with 
a very high number of users such as stadiums, malls or 
public buildings, a distributed antenna system (DAS) is 
applied allowing several antennas to be sourced from a 
single or several collocated base stations. With fronthaul, 
an additional architectural option has evolved with 
pooling of baseband units while the radio heads are 
mounted at the antenna site, frequently integrated with 
the antenna.

Separating radio heads from the BBU and pooling 
BBUs centrally introduces a new interface between the 
central and antenna site. Initially with common public 
radio interface (CPRI) a digitized base band signal was 
considered requiring very high bandwidth. More recently 
with eCPRI more functions were moved to the RH and 
antenna site, allowing moderate bandwidth Ethernet 
connectivity to be used. In all cases, low latency and 
stringent timing integrity is required for these connections. 

Dark fiber or optical channels are used to transport 
high-capacity CPRI fronthaul with synchronization being 
delivered inherently with the signal. eCPRI signals can be 
transported over an Ethernet link using synchronization 
solutions as outlined above.
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Wholesale bandwidth for RAN connectivity
As the number of base stations and small cells will significantly increase with the introduction of small cells 
and 5G, mobile network operators need to connect more and more radio sites to their core network. In many 
cases they will prefer to lease bandwidth from a wholesale service provider rather than investing in their own 
fiber deployment.

Construction of fiber networks is a very cost-intense 
undertaking. Mobile network operators will carefully 
analyze the business case of self-build versus leasing 
bandwidth. Metro and city carriers have good fiber 
coverage in urban areas and are able to offer wholesale 
bandwidth services to mobile network operators.

There’s good news for wholesale service providers. The 
evolving RAN and ultimately 5G will provide them with 
business opportunities beyond bandwidth services. 
As mobile network operators need to implement tight 
synchronization of their base stations, there is interest 
in connectivity services that conserve timing integrity 
and potentially synchronization delivered as a service by 
wholesale providers. The wholesale service provider will 
need to assure that agreed synchronization quality levels 
are met by constantly monitoring service level agreements 
at the handover point.

A synchronization probing device at the handoff point 
to the mobile network operator provides the wholesale 
service provider with a means to monitor the quality 
of the synchronization signal. This information ensures 
compliance with contracted synchronization SLAs and 
also enables high-quality and high availability timing 
delivery with satellite backup.
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Mastering synchronization in mobile networks
Oscilloquartz provides the widest portfolio of synchronizations solutions, enabling mobile network operators 
to seamlessly improve precision of synchronization quality as advanced LTE-A features are introduced and 
finally 5G and corresponding new use cases are rolled out.

The superior synchronization solutions from 
Oscilloquartz combine network-based and satellite-based 
synchronization with extended holdover clocks for highest 
resiliency and best accuracy. Oscilloquartz’s end-to-end 
solution portfolio supports mobile network operators with 
highly scalable central clocks and compact grandmasters 
deployed further out at the edge as higher accuracy is 
required. What’s more, highly accurate timing delivery 
is monitored with Oscilloquartz’s unique SyncjackTM 
assurance suite. The feature-rich FSP Sync Manager eases 
configuration and provisioning. 

With the introduction of LTE-A Pro and 5G, base stations 
need to be synchronized with sub-µs accuracy. Scalable 
grandmaster solutions in combination with highly 
accurate clocks (ePRTCs) provide a way to seamlessly 
improve timing accuracy. Oscilloquartz offers a unique 
portfolio especially designed to support mobile network 
operators with the evolution towards 5G.
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About ADVA Optical Networking
ADVA Optical Networking is a company founded on innovation and driven 
to help our customers succeed. For over two decades our technology 
has empowered networks across the globe. We’re continually developing 
breakthrough hardware and software that leads the networking industry and 
creates new business opportunities. It’s these open connectivity solutions 
that enable our customers to deliver the cloud and mobile services that are 
vital to today’s society and for imagining new tomorrows. Together, we’re 
building a truly connected and sustainable future. For more information on 
how we can help you, please visit us at: www.advaoptical.com. 

About Oscilloquartz
Oscilloquartz is a pioneer in time and frequency synchronization. We design, 
manufacture and deploy end-to-end synchronization systems that ensure 
the delivery and assurance of highly precise timing information over next-
generation packet and legacy networks. As an ADVA Optical Networking 
company, we’re creating new opportunities for tomorrow’s networks. For 
more information, please visit us at: www.oscilloquartz.com and www.
advaoptical.com. 


